Abstract. Learners aiming to master a complex skill may benefit from the combination of abstract information found in a text-based analytical rubric and concrete information provided by a video modeling example. In this paper, we address the design dilemmas of combining video modeling examples and rubrics into a Video Enhanced Rubric. We propose a model to address these design dilemma's and develop our first prototype based on this model. We review the first prototype through a two-stage international expert validation session. In the first stage, 20 experts are asked to design a user interface for the Video Enhanced Rubric. In the second stage, 20 experts are asked to perform an expert appraisal of our first prototype. The preliminary results of the expert validation session are subsequently analyzed using Sauli, Cattaneo and van der Meij's Framework for Developing Instructional Hypervideo to detect common design suggestions. Following the results of the expert validation, we developed a second prototype of the Video Enhanced Rubric. With the design guidelines of a Video Enhanced Rubric, we aim to improve the formative assessment and mastery of complex skills by fostering learner's mental model development and the quality (consistency, concreteness) of both given as well as received feedback. On a more general note, we expect the design dilemmas addressed in this paper to inform researchers who aim to apply theoretical multimedia design guidelines to formative assessment practices with rubrics.
Introduction
instrument, the rubric is an instrument that can be implemented to address the lack of explicit, substantial and systematic integration of complex skills in the Dutch curriculum [2, 3] . While a transparent description of a complex skill can be presented to a learner using a text-based analytic rubric, such a textual rubric has three deficiencies [4] . First, it provides a fragmentary textual framework, because a rubric describes a complex skill using a subdivided set of constituent (sub)skills that are identified by the expert. This may result in insufficient attention to the necessary integration of constituent skills during task execution. Second, a text-based rubric lacks the contextual information needed to convey the real world attributes and natural context of skills' execution and represent the dynamic information (such as gesturing in the complex skill of presenting) that can be extracted from dynamic stimuli such as a video [5, 6] . Third, rubrics may not provide the procedural information needed to support the automation of constituent skills, risking the formation of an incomplete mental model. This paper proposes a design that may address the afore mentioned deficiencies of a textual analytic rubric by combining them with video modeling examples, introducing a format called 'Video Enhanced Rubrics' (VER). VER are a synthesis of the concrete information of video modeling examples and the abstract information of a textual analytic rubric into a single format. We expect that video modeling examples can provide the lacking contextual and dynamic information, may foster inter-task and sub-skill coordination and the formation of a richer mental model than a text-based rubric alone. From a pedagogical perspective, the information carried by both rubric and video may offer a platform to engage the learner in a more emotional and motivational manner by offering an educational narrative [7] . From a didactical viewpoint, emotional and motivational engagement may foster deeper learning [8, 9] .
In this paper, we aim to take one step closer to the practical implementation of the VER by answering the research question: "How to formulate design guidelines for a Video Enhanced Rubric to improve the formative assessment of complex skills by fostering learner's mental model development, feedback quality, and complex skill mastery? With practical implementation within Dutch lower secondary education in mind, the preliminary validation and prototype sections will question the ecological validity of the first prototype Video Enhanced Rubric using a two-part validation with multimedia experts. We value the ecological validity of our prototype because we aim for real-life applicability in Dutch classrooms. The first part instructed the participants to design a user interface according to the design requirements, conditions, and guidelines set by the Viewbrics project. The second part consisted of an audio-recorded expert appraisal with 20 participants. During this appraisal, the participants provided detailed feedback on the first prototype and the associated design decisions. The design guidelines resulting from the analysis of this two-step ecological validation were then used to formulate the second prototype.
Having addressed the outline of this paper, we conclude the introduction with a definition of the concepts used in this paper. Although the VER may support the development of a wide range of complex skills, we limit the design guidelines to the complex skills of presentation, collaboration, and information literacy as these are the complex skills addressed by the Viewbrics project. For this paper, we limit the concept of feedback quality to consistency and concreteness of both given as well as received expert-and peer feedback [10] . As stated in our research question, we aim to foster a rich mental model of a complex skill with the VER, which in turn is expected to affect feedback quality. To define a 'rich' mental model, the Viewbrics project identified 11 constituent skills within the three skill clusters of presenting, 14 constituent skills within the four skill clusters of information literacy and 20 constituent skills within the four skill clusters of collaboration. Having described the background, outline and defined the applicable concepts of this paper, we move on to the identification of design guidelines.
Identification of design goals and roles
Using the ISO 9241-210 standard for Human-centred design processes for interactive systems, we identified two roles and two goals the VER may fulfill following the evolving growth of the learner in the formative assessment cycle [11, 12] . The first goal of the VER is to foster the development of complex skills. To support learners' achievement of this goal, the feedback and transparent assessment qualities of a textual analytic rubric and the dynamic and contextual qualities of an expert modeling example need to be accessible throughout the VER. To foster this goal, navigation and motivating the learner to explore both video and rubric are key. The control feedback principle may motivate the learner to explore by giving the learner control over the VER [13] . As our video of the complete complex skill of collaboration has a runtime of thirteen minutes, we also consider Keller's Attention, Relevance, Confidence, and Satisfaction (ARCS) model to foster the learner's motivation. Motivation may be of importance for self-regulation of complex multimedia learning, as it may mediate the cognitive load impact of the VER as well as foster whole-task learning [9, [14] [15] [16] [17] . Guidelines for developing complex skill instruction can be found in Four Component Instructional Design Theory (4C/ID) [18] . We choose this particular complex skill instructional design methodology for its integration with multimedia theory and SDT as found by Van Merriënboer & Kester [18] and Van Merriënboer & Sluijsmans [19] . The integration of 4C/ID with SDT is essential for the VER as the formative assessment context of the VER requires the learner to formulate a self-directed goal concerning a complex skill.
The second goal of the VER is to visualize every constituent (sub-)skill in both the rubric and the video modeling example. This may allow the learner to recognize and mentally connect the constituent skills within the video modeling example and may help them to form a rich mental model from both textual and Visio-spatial information. To foster this goal, the location of each constituent skill in both rubric and video must be clear [20] . As this goal concerns the physical placements of multimedia elements and their effect on learning, we choose to rely on Mayer's principles. Using the effect size of Mayer's principles to quantify the learning effect of design decisions, the choice for the design guidelines with the best transfer score can be made [21] .
As formative assessment facilitates the growth of the learner, the VER will be used by beginning and advanced learners. To support learners with different levels of prior knowledge, we identify two distinct roles for the VER, the orientation role, and the preparation role.
In the orientation role, we aim to support the learner's first orientation on the complete complex skill. The learners participate in Dutch lower secondary education where one teacher guides approximately thirty learners aged 12-14 years old. The learners have limited experience in explicitly practicing and assessing complex skills. Assuming little experience in the complex skills as an attribute of our learners, we can also assume that their current mental model of the complex skill is of limited complexity. By familiarizing the learner with a whole task performed by a modeling example, we aim to foster the formulation of a rudimentary mental model. As stated by van Merrienboer [22] , such a modeling example operationalises his mastery mental model into the performance of the complex skill. Although this is the learners first viewing of the video, we aim to guide the learner in unraveling the underlying mastery mental model of the expert modeling example during the use of the VER using the performance criteria in the rubric to offer insight.
In the preparation role, we aim to support practicing a complex skill by fostering self-assessment and self-directed goal selection and improving the feedback quality of received expert-and peer assessment through the use of the VER [10] . The transparent and descriptive performance criteria in a rubric may allow the learner to review the received feedback with the help of the rubric. Moreover, it may help the learner to provide (self-and peer) feedback based on the rubric [23, 24].
Prototype 1
When combining the design guidelines derived from various feasible theories, several design dilemmas emerged. It turned out to be challenging to formulate a single set of design guidelines for the VER. In Figure 1 , we illustrate several dilemmas we have encountered. Figure 1 shows the tension between motivational and complex skill developmental guidelines as derived from 4CID, ARCS, SDT and Cognitive Load Theory on the left hand, with the multimedia learning guidelines as derived from the cognitive theory of multimedia learning on the right hand.
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Fig. 1. Encountered design dilemmas for the design of a VER
We have addressed the design dilemmas by focussing on the roles defined using the ISO guidelines for User Centred Design. The orientation role of prototype 1 has the primary goal to support learners during their orientation on the complex skill. This also defines our position in the method versus media debate as placing the methods that foster complex skill development first, and the media carrying the method second. Therefore, according to 4C/ID guidelines, The orientation role must represent a whole task [19] . Several guidelines can then be used to support this primary goal. Showing a whole task of a complex skill may take longer than the working memory of a learner can facilitate. We will take a working memory limitation of approximately four items into account to prevent errors in the learner's memory retrieval. We choose approximately four items in line with Cowan's four, Miller's magical number 7 (plus or minus two) and most importantly, research from Luck and Vogel, finding visual items are retained in three or four independent object 'slots' in working memory [25, 26] . Although the existence of transport time between working memory and long-term memory is still a matter of discussion, we do aim to support this process in the VER using fading between each (sub)-skill-cluster of approximately four items [19, 21, 27] .
To foster the learner's motivation regarding watching the video, the video is scripted using the ARCS method. Firstly, grabbing the learner's Attention (A) by using recognizable and identifiable role models and scenario's within the video modelling examples, secondly establishing Relevance (R) by illustrating a school-related realworld task, thirdly by inspiring Confidence that learners can learn the skills themselves by using identifiable peer actors and voice-overs that reveal procedural information and emotion, and concluding with a successful ending.
As we adhere to a method before media standpoint, we lastly elaborate on the used media guidelines. In the orientation role the video of a whole task has priority in the user interface. The orientation role has minimal learner control to limit cognitive load and is designed only to provide stimuli from the medium that is essential for learning at the moment (the redundancy principle). The segmentation principle has already been implemented from a cognitive load standpoint, taking working memory into account. The personalization principle has already been implemented from the ARCS standpoint, using peer-actors and a motivational script. We adhere to Hoogerheide's argument seen in Figure 1 concerning the 'perception of mastery' providing a better modeling example by only providing a 'mastery' example and working with slightly older actors, able to perform the skill with mastery while remaining within peer appearance [28] . The preparation role of prototype one is designed to support the contextualization of the received peer-and expert feedback, self-directed goal selection and for practicing a complex skill. An interactive interface is used to facilitate these features. The skill cluster is located on the left, functioning as the table of contents. In line with webergonomics, the navigational menu is placed in Jakob Nielson's [29] traditional F-shape viewing pattern, illustrated in figure 3 , fostering navigation through a quick scan of the skill, cluster and selected sub-skill. Learners may use the table of contents to navigate to the sub-skill they wish to develop. The expert feedback is visible on the right, providing the learner with personal feed forward on the level of the whole complex skill. The learner's goal is visible on the right of the screen to provide input selecting the corresponding sub-skill(s). The red field on the right hand of the screen shows a general tip for all learners, based on the teacher's experience with the complex skill. When the learner selects a constituent skill, a subpage dedicated to only this constituent skill opens as seen in Figure 2 . The subpage plays the specific scene of the video modeling example performing a constituent skill, with the scenes needed to provide the needed context to the constituent skill. The subpage will also show the complete descriptive rubric text as shown in Figure 3 , providing the learner with feedback.
Preliminary validation
The first prototyping was validated with an international expert appraisal workshop. This workshop aimed at gauging how different multimedia and instructional design experts would react to the validity and potential practicality of the first prototype. A two-step approach was used during this workshop. During the first part, participants were instructed to design a user interface according to the design guidelines addressed in paragraph 2, without having seen our first prototype. The second part consisted of an audio-recorded expert appraisal of the prototype design with 20 participants. During this appraisal, the participants provided detailed feedback on the first prototype. In this paper, we focus on the preliminary analysis of the expert designs which were made during the first part of this workshop.
Participants. Twenty international multimedia and instructional design experts were invited to the expert appraisal workshop: five full professors (of ICT, Pedagogics, Educational Psychology, New Media and Learning and Instructional design), two associate professors, one researcher, one junior researcher, one scientific collaborator and one junior instructional designer, one developer, one lecturer and one teacher. The international participants were aged between 26 to 53 years, had 1 to 20 years of design experience and came from Switzerland, Italy, Spain, Germany, the Netherlands, Israel, and Finland.
Procedure. Along with the following assignment at the beginning of the workshop, the participants were given a pencil, one piece of A3 paper and one piece of A4 paper: The participants were then instructed to draw a user interface design (screens) on a piece of A3 paper, and make notes of the considerations and decisions that led to their design on a piece of A4 paper. The participants were given 20 minutes and where free to form couples and discus their designs as they saw fit.
Analysis. During part one, 20 participants produced 11 user interface designs. For the preliminary analysis of the expert appraisal workshop data, the designs are analyzed using the design features found in Cattaneo, Van Der Meij, Aprea, Sauli, and Zahn's [30] model for designing hyper video-based instructional scenarios as seen in Figure 4 . We use this model as it allows us to categorize the main features of hyper video.
Comment [G49]:
Deleted:l The features found in this model are connected to the participants' interface designs using concept mapping software. Using this method, we can quantify the number of times each feature of the model occurs in the user interface designs. The 11 user interface designs are then translated to a table to identify additional design guidelines. In this initial analysis, we can see the features "individual annotation" and "table of content" have been illustrated the most in the 11 user interface designs. On a cluster level, as seen in Table 1 . From the analysis on a cluster level, we can see that the participants drew the 22 features on the exchange feature level, followed by 16 features on the nonlinear level and 14 features on the linear level. Drawings and three and eight are considered of high quality, as they depict 7 or more elements from Sauli, Cattaneo and van der Meij's Framework for Developing Instructional Hypervideo [30] . Drawing three and eight also represent the most experience, exceeding 20 years of expertise. Drawing 8 (as seen in Figure 5 ), has noted the highest amount of design considerations, such as 'annotation,' 'goals,' 'comparison,' 'summery,' 'contents,' 'presentation' and 'key events.' The data shows the annotation feature has been referenced 15 times in the drawings. This may suggest an individual annotation as an additional feature compared to prototype 1. For instance, using notes, events, and annotation as highlighted in Figure 5 . The importance of the individual annotation feature may confirm our method before media standpoint, as the results prioritize the complex skill development benefits of the individual annotation function above the possible extraneous load of such a feature. The importance of this feature may resolve the design dilemma is in favor of the methods Annotation is referenced the most in the analysis of the expert appraisal. The function of annotation is found four times and mainly concerns facilitating the learner to connect the abstract knowledge (rubric) to concrete knowledge (video) in the personal language of the learner.
The recorded learner is also referenced four times. The argument made by the experts for recording the learner relies on preface that a recording of the learner may result in a more objective self-assessment. A counter argument is also given by one of the full professors in the expert appraisal, saying:
" Gamification has been found in the designs as well as the expert appraisal. It is argued by the participants that gamification should serve the purpose of making the prototype feel learner-centered, as well as introducing a competitive element.
Considerations.
Annotation is referenced the most in both the drawings as the expert appraisal; we will incorporate this feature into the second prototype. Annotation may be of value to the VER because annotation may facilitate the connection between the video and rubric, fostering our design goals. Annotation may be a tool for the learner to regulate learning, positively affecting cognitive load according to Moreno's Cognitive Affective Theory of Learning with Multimedia [7] . Although a counter argument can be made for the increased cognitive load of an annotation feature, we will prioritize the methodological value of annotation over the media guideline in this case and consider this result in the second prototype [21] .
Recording the learner may have benefits for more objective self-assessment. However, the technical limitations of the viewbrics project do not allow for this feature to be implemented at the current stage.
Gamification has been found in both the designs and the expert appraisal, aiming to increase personalisation, goal setting, and peer-competition. Learner-centred designs can be theoretically supported with both Mayer's personalisation principle as the ARCS motivational model. As this element is complementary to our current guidelines, we will consider it in the second prototype.
Prototype 2
We aim to meet the complementary guidelines from the results by implementing changes in the design of the first prototype 2. For the orientation role, we choose to implement the annotation feature. It is our goal to build the mental model of the learner by linking the video and rubric information. To facilitate this, we implement a Quiz feature to present the learner with a question that may trigger connecting a constituent skill found in both rubric and video such as: 'How did Quinn confirm his task? The answer to this question is then stored into the annotation field of the appropriate constituent skill in the preparation role, where the learner may serve as input for the evaluation, selection and preparation process as seen in figure 6 . 
Conclusion and discussion
The question of "How to formulate design guidelines for a Video Enhanced Rubric to improve the formative assessment of complex skills by fostering learner's mental model development, feedback quality, and complex skill mastery?" has presented us with several design dilemmas. We conclude that a thorough analysis of the learner's attributes, the implemented instructional design and the different didactical roles of the VER may greatly decrease the design dilemmas for researchers who aim to foster complex skill development using multimedia. Considering the complexity of complex skills development, we also found it may prove fruitful to a) prioritize method over media and b) facilitate the learner to personally consolidate the connection between the abstract information of a textual analytic rubric and the concrete information of a video modeling example. This connection can be facilitated by implementing features such as notes, events, annotation or a quiz. We will focus our further work on the more in-depth analysis of our data and the effect of the implementation of the second prototype on the formative assessment and mastery of complex skills of learners in Dutch secondary education. Information on the Viewbrics project can be found on www.viewbrics.nl.
